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Abstract 

In the context of topcolor-assisted techicolor(TC2) models, we study the 
contributions of the neutral top-pion ir® to the lepton flavor violating(LFV) pro- 
cesses l{ — > Ijj and li — * Ijlkk- We find that the present experimental bound 
on fx — > e7 gives severe constraints on the free parameters of TCI models. Tak- 
ing into account these constraints, we consider the processes li — ► Ijlkh gener- 
ated by top-pion exchange at the tree-level and the one loop level, and obtain 
Br(p -» 3e) ~ 2.87xl0~ 14 , l.lxlO" 15 < Br(j -> 3e) ~ Br(j -> 2e/x) < 4.4xl0~ 15 , 
3.1 x 10~ 15 < Br(r -> 2 fie) ~ Br(r 3/i) < 1.5 x 10~ 14 in most of the parameter 
space. 
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1. Introduction 

The standard model (SM) accommodates fermion and weak gauge boson masses by 
including a fundamental scalar HiggsH. However, the SM can not explain the dynamics 
responsible for the generation of mass. Furthermore, the scalar sector suffers from the 
problems of triviality and unnaturalness. Thus, the SM can only be an effective field 
theory below some high-energy scale. New physics should exist at energy scales around 
TeV. 

The cause of electroweak symmetry breaking (EWSB) and the origin of fermion 
masses are important problems of current particle physics. Given the large value of 
the top quark mass and the sizable splitting between the masses of the top and bottom 
quarks, it is natural to wonder whether m t has a different origin from the masses of other 
quarks and leptons. There may be a common origin for EWSB and top quark mass 
generation. Much theoretical work has been carried out in connection to the top quark 
and EWSB. Top color-assisted technicolor (TC2) models [1], flavor-universal TC2 models 
[2], top see-saw models [3], and top flavor see-saw models [4] are four of such examples. 
The common feature of these kinds of models is that topcolor interactions are assumed 
to be chiral critically strong at the scale about 1 TeV, and it is coupled preferentially 
to the third generation. In TC2 models, EWSB is mainly generated by TC interactions 
or other strong interactions. The topcolor interactions also make small contributions to 
EWSB and give rise to the main part of the top quark mass. Then, the presence of the 
physical top-pions in the low-energy spectrum is an inevitable feature of these kinds of 
models. Thus, studying the possible signatures of the top-pions at present and future 
high- or low- energy colliders can help the collider experiments to search for top-pions, 
test topcolor scenario and further to probe EWSB mechanism. 

It is well known that the individual lepton numbers L e ,L^, and L T are automatically 
conserved and the tree-level lepton flavor violating (LFV) processes are absent in SM, 
due to unitary of the leptonic analog of CKM mixing matrix and the masslessness of the 
three neutrinos. However, the solar neutrino experiments [5] and the atmospheric neutrino 
experiments [6] confirmed by reactor and accelerator experiments [7] provide very strong 
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evidence for mixing and oscillation of the flavor neutrinos, which presently provide the 
only direct observation of physics that can not be accommodated within the SM and 
imply that the separated lepton number are not conserved. Thus, the SM requires some 
modification to account for the pattern of neutrino mixing, in which the LFV processes 
like li — > Zj7 and h — > Ijlkh are allowed. The observation of these LFV processes would be 
a clear signature of new physics beyond the SM. The fact and the improvement of their 
experimental measurements force one to make more elaborate theoretical calculation in 
the framework of some specific models beyond the SM and see whether the LFV effects 
can be tested in the future experiments. For instance, these LFV processes have been 
widely studied in a model independent way in Ref.[8], in the SM with extended right- 
handed and left-handed neutrino sectors [9], in supersymmetric models [10], in the general 
two Higgs doublet model(2ifZ)M) type III [11], in the Zee model [12], and in the topcolor 
models [13]. 

The aim of this paper is to study the contributions of the neutral top-pion 7if predicted 
by TC2 models to the LFV processes h — > Ij'y and h — > Ijlkh and see whether 7r° can 
give significant effects on these processes. The paper is organized as follows: in section 
2 we give the flavor-diagonal (FD) and flavor-changing(FC) couplings of 7if to the three 
family leptons and calculate its contributions to the LFV process k — > ^7. Using the 
experimental upper limit of the LFV process \x — > e^y, we give the constraints on the flavor 
mixing factors. The tree-level and one loop-level contributions of 7r° to the branching 
ratios Br(h — > Ijlkh) are calculated in section 3. The conclusions are given in section 4. 

2. The flavor mixing factors of 7if and the LFV processes h — > ^7 

2.1 The couplings of the neutral top-pion 7if to leptons. 

For TC2 models [1], TC interactions play a main role in breaking the electroweak 
symmetry. Topcolor interactions make small contributions to EWSB, and give rise to 
the main part of the top quark mass, (1 — e)m t , with the parameter e <C 1. Thus, there 
is the following relation: 

vl + Ft = u 2 w , (1) 
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where v n represents the contributions of TC interactions to EWSB, v w = v/y/2 ~ 
17AGeV. Here F t ~ 50GeV is the physical top-pion decay constant, which can be esti- 
mated from the Pagels-Stokar formula. This means that the masses of the gauge bosons 
W and Z are given by absorbing the linear combination of the top-pions and technipi- 
ons. The orthogonal combination of the top-pions and technipions remains unabsorbed 
and physical [14]. However, the absorbed Goldstone linear combination is mostly the 
technipions while the physical linear combination is mostly the top-pions, which are usu- 
ally called physical top-pions (7r^,7r°). The existence of the physical top-pions in the 
low-energy spectrum can be seen as characteristic of topcolor scenario, regardless of the 
dynamics responsible for EWSB and other quark masses. 

The FD couplings of the neutral top-pion 7if to leptons can be written as: 



where I — r, [i or e. For TC2 models, the underlying interactions, topcolor interactions, 
are non-universal and therefore do not posses GIM mechanism. The non-universal gauge 
interactions result in the new FC coupling vertices when one writes the interactions in 
the mass eigen-basis. Thus, the top-pions can induce the new FC scalar coupling vertices 
[15]. The FC couplings of 7if to leptons can be written as: 



where k(i = 1,2) is the first(second) lepton e(/x), k T i is the flavor mixing factor, which is 
the free parameter. 

Using the FD and FC couplings of the neutral top-pion 7if to fermions, we have 
studied the FC process — > tc mediated by 7r° exchange [16]. We find that 7if 
can generate several hundred tc events and the signals of 7if might be detected via the 
process — > tc in the first muon collider. In the next subsection, we will study the 
contributions of 7r° to the LFV processes U — > If] and see whether the experimental 
upper limits of these processes can give significant constraints on the flavor mixing factor 
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2.2 The LFV processes k -> 1^ 

The observation of neutrino oscillations [5,6] implies that individual lepton numbers 
L e ^ T are violated, suggesting the appearance of the LFV processes, such as k — > lj*y and 
li — > /f/j/;. The branching ratios of these processes are extremely small in the SM with 
right-handed neutrinos. For example, reference [17] has showed Br(fi — > e7) < 10~ 47 . 
Such small branching ratios are unobservable. 
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Figure 1: Feynman diagrams contribute to the LFV processes Zj 
top-pion 7T° exchange in TC2 models. 



/j7 due to the neutral 



The present experimental upper limits are [18]: 



Br(r - 


-> ^7) 


< 


1.1 x 10" 6 , 




Br(r - 


-> e7) 


< 


2.7 x 1(T 6 , 




Br(/i - 


-> e7) 


< 


1.1 x 10~ n . 


(4) 



These bounds are expected to be improved by a few orders of magnitude in the future. 
For example, in an experiment under preparation at PS I [19], it is planned to reach a 
sensitivity 

Br(fji -> erf) < 1 x 10" 14 . (5) 

Thus, these processes are ideal tools to search for new physics. The observation of any 
rate for one of these processes would be a signal of new physics. 

The relevant Feynman diagrams for the contributions of the neutral top-pion 7r° to 
the LFV processes k — > Ij'y are shown in Fig.l. The internal fermion lines may be r, fi, 
or e. However, the internal fermion propagator provides a term proportional to rrij in 
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the numerator, which is not cancelled by the m'j in the denominator since the heavy tt® 
mass dominates the denominator. Thus, we only take the internal fermion line as the r 
fermion line. 

Using Eq.(2), Eq.(3) and other relevant Feynman rules, the decay widths of the LFV 
processes U — > Ijj can be written as: 

r(r - wry) = [F? - \m\{Fl + F 2 F 3 ) - m^F,}, (6) 

where m = //, or e, are 

F = Bo + m^Co-2C 24 + m^C 11 -C 12 )- J B*- J B;, (7) 
F 2 = 2m T (-C 21 -C 22 + 2C 23 ), (8) 
F 3 = 2m T (C 22 -C 23 ). (9) 

r(/i -> e7) = m ^£^ a<8 [ ^ - m ^ - + F ^ )] (io) 

with 

= mJ(Cn -Ci 2 ) + m T (nfy - m r )C - 2C 24 + 5 

+< c -^ + ^-^^- S ;, (id 

F^ = 2[(m r -m M )(C 11 -C 12 )-m /1 (C 21 + C 22 -C 23 )], (12) 
F 3 = 2[m T C 12 + m^C 22 - C 23 )]. (13) 

The standard Feynman integrals B n , Co, and dj can be written as: 

C ij = C ij (-pi,p 1 ,m 1tt ,m T ,m T ), C = C (-pi,p^,m 7Tt ,m T ,m T ), (14) 

B = B (p J: m T , m T ), B* = B (-p m , m^, m T ), = B[(-p h m^, m T ), (15) 

where m^is the mass of the top-pion, the variable P m (m = ji or e) is the momentum of 
the find state lepton, Pi is the momentum of the initial state lepton, and I — r or //, which 
corresponds the lepton r decay r — > e(/i)7 and the lepton \i decay /i — > e7, respectively. 
In above equations, we have assumed that the masses of the final state lepton equal to 
zero. 
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Figure 2: The branching ratio Br(r — > ey) as a function of the flavor mixing factor k for 
three values of the top-pion mass m nt . 



For TC2 models, the topcolor interactions only contact with the third generation. The 
new particles, such as gauge boson Z' and top-pions n®^, treat the fermions in the third 
generation differently from those in the first and second generation and treat the fermions 
in the first generation same as those in the second generation. So, in our calculation, we 
will assume that the mixing factor k Til is equal to the mixing factor k Te . In this case, we 
have r(r — > /ry) ~ T(r — > cy) for m M ~ 0,m e ~ 0. The corresponding branching ratios 
Br{li — > Zj-'y) can be written as: 

Br{r^ni) ~ Er(r -> e 7 ) = 5r CTp (r -> ez/ e I7 T ) - , (16) 

1 (r — > ez/ e z/ T J 

Br(^e 7 ) = - C l» (17) 

with 



Where the Fermi coupling constant Gp = 1.16637 x 10 b GeV 2 and the precision mea- 
sured branching ratio Br exp (r -> ev e V T ) = (17.83 ± 0.06)% [18]. 




To obtain numerical results, we take the SM parameters as a e {m z ) = y^Ts' mr = 
l.lllGeV , = 0.105GeV [18]. The limits on the mass m nt of the top-pion may be 
obtained via studying its effects on various experimental observables [20]. It has been 
shown that m nt is allowed to be in the range of a few hundred GeV depending on the 
models. As numerical estimation, we take the top-pion mass m nt and the mixing factor 
k = k T/Ji = k Te as free parameters. 

We plot the branching ratios Br(r — > cy) and Br(fi — > cy) as function of the mixing 
factor k for three values of the top-pion mass in Fig.2 and Fig. 3, respectively. To compare 
the value of Br(fi — > ej) given by exchange with its current experimental limit, we 
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have used the horizontal solid line to denote Br{ji — > ej) = 1.1 x 10 -11 in Fig.3. One 
can see from Fig.2 and Fig.3 that the branching ratios of the LFV processes k — > Iff are 
Br(r — ► fj,j) ~ Br{r — > e7) < 2 x 10~ 10 and £?r(/i — ► e7) < 1.4 x 10~ 7 in most of the 
parameter space of TC2 models. The branching ratio Br(r — > Z7) is at least four orders 
of magnitude below the present experimental bound on r — > Z7, which is far from the 
reach of present or next generation experiments. The branching ratio Br(fi — > cy) can be 
above or below the present experimental bound on /i — > e7, which depends on the value 
of the top-pion mass m nt and the mixing factor k. In most of the parameter space, the 
value of the Br(/i — > e7) is in the range of 2.5 x 10~ 12 ~ 1.4 x 10~ 7 . 




Using the present experimental bound on the LFV process [i — > ej, we can give the 
constraints on the mixing factor k for IbQGeV < m nt < AOOGeV. The numerical results 
are showed in Fig. 4. From Fig. 4 we can see that the mixing factor k increases as m nt 
increasing. If we demand that the top-pion mass is smaller than 400GeV, then there must 
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be k < 0.21. Thus, the present experimental upper bound of the LFV process [i — > 
gives severe constraints on the free parameters m nt and k of TC2 models. In the next 
section, we will take the \i — > constraints into account and calculate the branching 
ratios of the LFV processes li — > Ijlhh- 

3. The LFV processes — > Ijlkh 

In TC2 models, the LFV processes U — > ZjZfcZj can be generated at the tree level and 
also can be induced via photon penguin diagrams at the one-loop level, as shown in Fig. 5. 
For the diagrams Fig. 5 (b),(c),(d), we have taken k — I. 




Figure 5: The tree-level and one-loop Feynman diagrams contribute to the LFV processes 
h Ijhk induced by 7if exchange. 

Let us first consider the contributions of the neutral top-pion 7if to the LFV processes 
h —> Ijlkh y i a Fig.5(a). For the decay /i — > 3e, it is induced by the FC scalar coupling 
7r°/Je. However, the topcolor interactions only contact with the third generation fermions. 
The flavor mixing between the first and second generation fermions is very small [15]. 
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In numerical estimation, we will assume k^ e ~ 0. So, the branching ratio Br{ji — > 3e) 
induced by 7r° exchange at the tree-level is zero. The LFV processes r — > 2fie and 
r — > 2eyU can only be generated via the FC couplings 7if re and 7if r/i. The decay widths 
of the processes r — > /j/.,/*; are given by: 

7 2 

r <- 2 ^) ^ 30^$^ < 22 > 

where mi(l = fi,e, or r) represents the lepton mass and k = k Tfl = k Te . 

Now we consider the one-loop contributions of the neutral top-pion 7r° to the LFV 
processes U — > Ijlkh via the photonic penguin diagrams shown in Fig.5(b)(c)(d). Same as 
Fig.l, the internal fermion line of the photonic penguin diagrams only is the r fermion 
line. Comparing Fig. 5 with Fig.l, one can use the branching ratios Br(h — > Ijj) to express 
the branching ratios Br(h — > [10]. The one-loop expressions of the branching ratios 
Br(li — > Ijlkh) can be written as: 

Br i-ioo P ( T _^ 3/i ) = Br i-ioo P ( T _^ 3e ) = Br i-ioop( r _^ 2/ /e) = Br x - loov [r -> 2e/i) 

" l (/n ^-T )5r(r ^ e7) ' (23) 

777 ^ I 1 

fir i-'^(^ _ 3 e) ~ -£(Z„-^-_)Br(^- e7 ). (24) 

For the LFV^ processes r — > /j/j/fc, we have assumed ~ 0, m e ~ and taken 
£>r(Y — > e7) ~ -Br(r — > /ry). The expressions of the £>r(r — > e7) and _Br(/z — > e7) have 
been given in Eq.(16) and Eq.(17), respectively. 

Comparing the one-loop contributions of 7if to the h — > Ijlkh with the tree-level con- 
tributions, we find that the branching ratios Br{r — > 2e/i), Br{r — > 3e), and Br(/i — > 3e) 
given by the one-loop diagrams mediated by 7r° exchange are larger than those gener- 
ated by the tree-level diagrams at least by four orders of magnitude. This is because the 
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FD coupling ir^ee is proportional to which can strongly suppress the values of these 
branching ratios. However, for the processes r — > 3/i and r — > 2/ze, two kinds of contri- 
butions are comparable. Thus, we will ignore the tree-level contributions of 7if exchange 
to the t — > 3e, r — > 2eyU and /x — > 3e in the following numerical estimation. 
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Figure 6: The branching rations -Br(/j — > Ijlkh) as functions of the top-pion mass m wt . 
We have assumed Br\ = Br(r — > 3e) and _Br 2 = _Br(r — > 3/x). 

Taking into account the constraints of the current experimental upper bound Br(fi — > 
67) < 1.1 x 1CT 11 on the free parameters and fc, we find that the branching ratio 
Br(fi — ► 3e) is approximately equal to 2.87 x 10~ 14 , which might be observable in the 
planned experiments of the next generation. Combining the tree-level and one-loop con- 
tributions, we have Br(r — > 3e) ~ Br(r — > 2e/i) and Br(r — > 3//) ~ _Br(r — > 2//e) 
in TCI models, which are shown in Fig. 6 as functions of the top-pion mass m nt . In 
Fig.6, we have used Br\ and Br 2 represent Br{r — > 3e) and Br{r — > 3/i), respectively. 
One can see from Fig.6 that the branching ratios slowly decrease as m nt increasing. As 
long as m nt < AOOGeV, we have Br(r — ► 3e) ~ _Br(r — ► 2e//) > 1.1 x 1(T 15 and 
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Br{r — ► 3fi) ~ £?r(r — > 2/xe) > 3.1 x 10 15 . Even we take m wt = 200GeV, the branching 
ratio Br(r — > 3/x) can only reach 1.54 x 10~ 14 , which is far below the experimental bound 
on r -> ZiZj-Zfc (10~ 6 or 10~ 7 ) [18,21]. 

4. Conclusions 

The presence of physics top-pions in the low-energy spectrum is a common feature 
of topcolor models. The physics top-pions have large Yukama couplings to the third 
family fermions and can induce the FC scalar couplings, which might give significant 
contributions to the FC processes. The effects of top-pion on these processes are governed 
by its mass m 7rt and the relevant flavor mixing factors. 

In this paper we study the contributions of the neutral top-pion 7if predicted by TC2 
models on the LFV processes — > Ij^y and — > Ijlkh- We find that the branching ratio 
Br{r — > ej) is approximately equal to the branching ratio Br{j — > fxj) and is smaller 
than 2 x 10~ 10 in all parameter space of TC2 models. The present experimental bound 
on fi — > e7 produces severe constraints on the top-pion mass m nt and the mixing factor k. 
Based on these constraints on the free parameters of TC2 models, we further calculate the 
contributions of 7r° to the LFV processes U — > Ijlkh at the tree-level and one-loop level. 
For the LFV processes fj, — > 3e, r — > 3e, and r — > 2e/x, the contributions coming from 
photonic penguin diagrams are larger than those from the tree-level top-pion exchange at 
least by four orders of magnitude. While two kinds of contributions are comparable for 
the processes r — > 3/x and r — > 2yue. If we take the top-pion mass < 400Gel / , we have 
Br(r -> 3e) ~ 5r(r -> 2e/i) > 1.1 x 10' 15 and Br(r -> 2/xe) ~ 5r(r -> 3//) > 3.1 x 10~ 15 , 
which can not be observable in the near future experiments. However, the branching ratio 
Br(n — * 3e) is approximately equal to 2.8 x 1CT 14 , which may be observable in the planned 
experiments of the next generation. 
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